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Geospatial technology refers to a 
system that is used to acquire, store, 
analyze, and output data in two or 
three dimensions. This data is refer-
enced to the earth by some type of 
coordinate system, such as a map 
projection. Geospatial systems 
include thematic mapping, the Global 
Positioning System (GPS), remote 
sensing (RS), telemetry, and Geo-
graphic Information Systems (GIS) 
(USGS, 2000). 
Each of the above subsystems are 
elaborate fields unto themselves; 
however, researchers are linking them 
together to better understand the 
world in which we live. Learning about 
these systems will help students to 
address an important component of 
technological literacy. Primarily, stu-
dents will develop the abilities to 
assess the impact of products and 
systems (ITEA, 2000). 
Thematic Mapping 
The science of mapmaking, cartogra-
phy, has been around for centuries, and 
no one is sure of its true beginnings. 
Cave drawings have been found that 
highlight hunting and other food 
sources, but other types of maps dis-
appeared for various reasons. The 
main issue was the lack of a quality, 
long-lasting medium on which to draw 
maps. A second reason was the 
advance in mapmaking practice. As 
newer maps became more accurate, 
older maps were discarded. 
The modern era of mapping began 
when explorers were able to navigate 
the globe on a regular basis during the 
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1500s. This allowed for a steady pro-
gression in methods and accuracy. In 
the 1800s, the first aerial photographs 
were taken from balloons, and the 
period of thematic mapping began. 
Thematic mapping utilizes cartography, 
aerial photography, satellite imaging, 
and the plotting of data (e.g., vegeta-
tion, species, or static points) to inter-
pret an area under investigation 
(USGS, 2000). Researchers are able to 
identify many objects by looking at 
physical characteristics uch as color, 
density, or even how an object gives 
off or retains heat. Figure 1 shows a 
satellite image that could be utilized to 
research many variables. 
The data that are gathered in thematic 
mapping are stored in a quantitative 
fashion. This allows maps to be active-
ly linked to databases, thus giving 
researchers avariety of ways to ana-
lyze the data. They can select a region 
from the map to pull up data or they 
can perform searches through the 
database. New maps and datasets can 
quickly be generated and analyzed. 
Analysis is often only limited by the 




















Global Positioning System 
The Global Positioning System (GPS) 
was developed by the United States 
Department of Defense for military 
applications in 1978, but in the 1980s 
it was opened for civilian use. GPS 
contains a space segment (satellites), 
a control segment (ground stations), 
and a user segment (anyone with a 
GPS receiver) (Garmin International, 
2000). 
The space segment consists of 24 
satellites-21 active and 3 spares. The 
satellites are in six different orbital 
planes approximately 12,000 miles 
above the earth. This spread allows 
each satellite to cover a large area. A 
user must receive signals from four 
satellites for accurate locations in 
three dimensions (latitude, longitude, 
and altitude). 
The GPS ground stations measure 
signals from the satellites and create 
orbital models for each satellite. The 
models compute precise orbital data 
(ephemeris) and clock corrections for 
each satellite. The Master Control 
Station at Schriever Air Force Base in 
Colorado uploads ephemeris and clock 
data to the satellites. The satellites 
then send subsets of the orbital 
ephemeris data to GPS receivers over 
radio signals. 
The user segment of GPS has gained 
widespread notoriety from many 
outdoor sports. Golfers, fishermen, 
hunters, hikers, and other sports 
enthusiasts have widely embraced the 
accurate locations supplied by GPS. 
However, GPS also offers many 
significant advantages to the field of 
geospatial technology. 
GPS is one of the primary geospatial 
tools for gathering and analyzing data. 
Cartography, for example, has benefit-
ed tremendously from the collection of 
static points. Newer methods have 
also revolutionized land surveying. 
Specially equipped carrier tracking 
receivers have eliminated the need for 
a line of sight along the ground. 
A third geospatial application allows 
researchers to enter data directly into 
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software while they are on the move. 
Kinetic GPS is particularly useful to 
researchers in the field (USGS, 2000). 
Receivers can be linked to proprietary 
software, so anyone from a census 
worker to a botanist can update his or 
her database as they work in the field. 
Remote Sensing 
Remote sensing (RS) is the collection 
and interpretation of information about 
an object without being in physical 
contact with the object (NASA, 2003). 
From this definition, it is easy to see 
the connection to thematic mapping 
and GPS. RS, however, also involves 
the use of cameras, scanners, radar, 
and other data collection systems. 
The history of remote sensing mirrors 
other geospatial technologies in sever-
al ways. For example, modern RS 
practice began when researchers were 
able to collect data from the air. 
Advances in flight and space technolo-
gies have drastically accelerated the 
advance of RS. A second parallel to 
other geospatial technologies involves 
the use of both analog and digital data. 
Like most technologies, however, 
more and more RS systems rely on 
digital technologies. 
A look at one NASA technique pro-
vides a good example of utilizing both 
analog and digital data. One of the 
primary techniques NASA has used 
involves the sensing of photons. 
Photons are particles that contain a 
wide range of energies across 
the electromagnetic spectrum. 
Researchers can identify elements by 
the photon energy they emit under 
certain thermal or electrical energy. 
Sometimes it is advantageous to docu-
ment changes over time (analog data) 
or to capture readings at discrete 
moments (digital data). Both forms of 
data are vital to explore our own planet 
close-up or to look at galaxies that are 
light years away (NASA, 2003). 
NASA considers RS a cornerstone of 
the space program since most of its 
research is conducted over vast dis-
tances. However, some of the 
research NASA is conducting on 
telemedicine involves the use of RS 
and very short distances. Software 
developed by NASA researchers can 
convert magnetic resonance imaging 
(MRI). x-rays, and other two-dimen-
sional medical images into three-
dimensional computer models 
(Reed, 2003). 
Telemetry 
An important geospatial technology 
that has tremendous environmental 
implications is telemetry. Researchers 
can track terrestrial and aquatic ani-
mals continuously or periodically with-
out being close to their environment. In 
the past, researchers tagged animals 
and were limited by radio signals or 
physical encounters. Now, GPS trans-
mitters and various other collection 
devices allow an abundance of data to 
be collected remotely. Animal position, 
activity level, environmental tempera-
ture, and physiology are among the 
most common types of data (USGS, 
2000). Commercial applications have 
also crossed over into shipping, truck-
ing, and other transportations ystems. 
Telemetry receivers can be hand-held 
for use in land, water, or air vehicles. 
In some situations data can also be 
obtained from satellite links. This type 
of data has been instrumental in 
observing migration patterns of some 
very elusive animals. For example, 
great white sharks were found to 
travel from California to the trenches 
off Hawaii. Such studies can help us 
better understand our world, especially 




A geographic information system (GIS) 
is a system capable of capturing, stor-
ing, analyzing, and displaying geo-
graphically referenced information 
(USGS, 2003). As a geospatial technol-
ogy, GIS is much more encompassing 
than the four previous technologies; 
mainly because GIS links locational 
(spatial) and database (tabular) infor-
mation together via a system that con-
tains methods, hardware, software, 
data, and people. 
Figure 2. Data from Geographic Information Systems may be displayed on a computer (left) and output o a 3-D printer to create a 
model (right). The images and model above were created from GIS data on Rockville, Maryland. 
The Canadian forestry mapping initia-
tive pioneered GIS in the 1960s when 
it created an electronic database that 
could be displayed on a terminal and 
plotted on paper (Korte, 2001 ). These 
early methods were expanded on in 
the United States, but the cost of com-
puting power at the time made them 
accessible only to large corporations 
and universities. Methods have 
evolved to include specifications and 
standards from many disciplines, 
including the geospatial fields 
discussed above. 
Hardware and software have pro-
gressed to the point where many 
Internet Web sites contain free GIS 
files that can be viewed on most per-
sonal computers. Other hardware 
includes peripheral devices such as 
scanners, digitizers, and plotters, as 
well as advanced technologies uch as 
GPS and RS. Software ranges from 
common database programs and 
Internet browsers to proprietary GIS 
programs. Companies uch as ESRI 
specialize in creating GIS systems 
dependent on client needs. These can 
be contained on a single desktop or 
elaborate clienVserver and data man-
agement systems (ESRI, 2003). 
Data for GIS systems can come from 
many sources but are typically gath-
ered from images and databases. 
Images can come from a variety of 
sources and in a variety of formats. For 
example, digital line graphs of roads or 
rivers would typically be vector images, 
while a topographic map might be a 
digital raster graphic (DRG). Images 
can be manipulated, combined, or lay-
ered depending on the desired analysis 
or outcome. Figure 2 shows how GIS 
data can be displayed on the computer 
and utilized to create a three-dimen-
sional model. Such a model is useful to 
civil engineers, city planners, archi-
tects, and many other professionals. 
Database information can come from 
many sources. As mentioned in the 
GPS section above, a botanist could 
enter locations of a particular plant 
species. These could then be plotted 
on a map for analysis. A second 
method is to tap into existing databas-
es such as census records. A school 
board, for example, could overlay 
census records on a local map to help 
determine bus routes and school 
zones. This type of planning can save 
much more time and money than the 
trial-and-error method of the past. 
The final and most important compo-
nent in a Geographic Information 
System is people. They can range from 
field technicians collecting GPS loca-
tions to utility customers who benefit 
from cheaper bills because of 
increased efficiency. All geospatial 
technologies will continue to shape 
GIS but, like all technologies, people 
will ultimately guide the new methods 
and applications. 
Summary 
Geospatial technology refers to a sys-
tem that is used to acquire, store, ana-
lyze. and output data in two or three 
dimensions. Geospatial technology is a 
broad classification that encompasses 
five fields: thematic mapping, GPS, RS, 
telemetry, and GIS. 
Thematic mapping allows researchers 
to study the environment in a non-
invasive manner. Satellite imaging, 
aerial photographs, and other imaging 
methods allow researchers to link 
images to databases. Interactive maps 
allow users to conduct research in a 
variety of ways and to quickly create 
new maps and databases. 
GPS is a primary tool for collecting the 
data that is used by other geospatial 
technologies. GPS has traditionally 
been useful for accurately providing 
static locations. Newer techniques and 
receivers, however, have improved 
surveying methods and even allowed 
field workers to gather data while on 
the move. 
RS is the collection and interpretation 
of information about an object without 
being in physical contact with the 
object. Like GPS, RS provides data 
to other geospatial technologies. 
Cameras, scanners, radar, and other 
non-invasive systems have been used 
by NASA and other RS researchers to 
investigate the heavens, earth, and 


















Telemetry allows researchers to track 
moving objects from a distance. A 
growing number of researchers are 
using telemetry to track animals in 
their habitats. Commercial applications 
involve the tracking of delivery and 
transportation vehicles. Real-time 
information provides researchers with 
some interesting findings and allows 
transportation companies to become 
more efficient. 
GIS is the geospatial technology that 
ties everything together. As a system, 
GIS uses methods, hardware, soft-
ware, data, and people to link spatial 
and tabular data. End users drive 
GIS by deciding what visual and 
numerical data need to be linked. 
Information from thematic mapping, 
GPS, telemetry, RS, and databases 
can be layered to create user-friendly 
maps and images. 
Geospatial technology has created a 
variety of technologies to link visual 
and numerical data. Searching a data-
base prior to geospatial technology 
involved scanning rows and columns. 
Now, a picture truly is worth a 
thousand words! 
Geospatial technologies are new to 
many. Some would refer to these as 
leading-edge technologies. Jobs will 
be created as companies find ways to 
commercialize the value of these tech-
nologies. By exploring the following 
activity, you will just begin to experi-
ence many of the uses that geospatial 
technology will afford us in the future. 
Design Brief-Finding Out 
About Your World 
With the development of GIS, individu-
als are establishing databases, which 
can be of many uses to communities 
and individuals. Organizations such 
as AccuWeather, United States Geo-
logical Survey (USGS), Environmental 
Systems Research Institute (ESRI), 
National Aeronautics and Space 
Administration (NASA), National 
Oceanographic and Atmospheric 
Administration (NOAA), and United 
States Department of Agriculture 
(USDA) have established atabases 
that can be accessed through the 
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World Wide Web. Additionally, compa-
nies such as ESRI provide free soft-
ware that can be used to access these 
databases. With this software and 
training, local governments or individu-
als can conduct searches to find more 
information about our world. 
Challenge 
You are to select five cities on five 
continents and use Web-accessible 
GIS software to find information/maps 
on agriculture and farming, atmospher-
ic and climatic, cultural and demo-
graphics, military and intelligence, and 
transportation etworks. Determine 
which of the five cities has the 
best available data for each of the 
categories listed above. Select cities 
that you would like to learn more 
about or possibly travel to in 
the future. 
Web site 
There are many available Internet 
sites and freeware or shareware 
GIS programs. Start with the software 
or Web version available from ESRI at 
www .esri.com/software/arcexplorer. 
Evaluation 
Student work should include: 
1. One page for each city that lists 
its agriculture and farming, 
atmospheric and climatic, cultural 
and demographics, military and 
intelligence, and transportation 
networks. 
2. A summary page that describes 
which city had the best geographic 
information available in the 
databases. 
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